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Description 

COMPOSITION AND METHOD FOR PRODUCING SUPER OVULATION IN CATTLE 



BACKGROUND OF THE INVENTION 

5 

Field of the Invention 

The present invention relates to a composition and method for producing an optimum superovulatlon 
response in cattle. 

10 Description of the Prior Art 

In cattle, the fetal or neonatal female produces thousands of oocytes which are never fertilized. A 
multimillion dollar Industry has developed. that is concerned with methods to fertilize and transfer these 
oocytes to surrogate mothers. The advantages of such procedures include increasing the reproductive rate of 
valuable cows, decreasing the generation interval, progeny testing females, using superior females as donors, 

15 increasing the number of progeny per female through controlled multiple births, and transporting embryos 
with selected genetic characteristics to distant places. 

The all important first step in these procedures is to produce a superovulation response in a superiorfemaie 
donor. The objective of superovulation is to increase the number of normal fertile eggs or embryos per donor. 
The basic principle of superovulation is to stimulate extensive follicular development through intramuscular or 

20 subcutaneous administration of a preparation having follicle-stimulating hormone (FSH) activity at levels in 
excess of normal endogenous levels. The most commonly used sources for this preparation are swine pituitary 
extracts or pregnant mares* serum. The gonadotropic hormones have become known as follicle-stimulating 
hormone (FSH) and luteinizing hormone (LH) based on their effects on ovarian follicular activity. The activity of 
FSH and LH preparations are usually measured by bioassay and compared to a reference standard. Typical 

25 reference standards are the National Institute of Health standards which are designated NiH-FSH-S1 and 
NIH-LH-S1 for FSH and LH respectively. 

Treatment of cattle with gonadotropins leads to ovulation of numerous ova instead of the usual one. 
Gonadotropin treatment is usually Initiated between days 9 and 14 of the estrus cycle (estrus is day 0), causing 
ovarian follicles to grow. Two or three days after the start of treatment, prostaglandin F2a or an analog is 

30 injected to terminate the luteal phase of the estrus cycle prematurely by lysing the corpus luteum ; about 2 days 
later estrus occurs. Estrus lasts about half a day, ovulation occurs about half a day after the end of estrus, and 
fertilization probably occurs a few hours after ovulation. 

Before prostaglandins became available, superovulation was initiated about 4 to 5 days before the end of the 
estrus cycle, a time that could not be estimated accurately. Availability of prostaglandin Faa has improved the 

35 efficacy of superovulation and has also provided flexibility in scheduling donors. 

Because the best bulls are usually propagated only with frozen semen, artificial insemination is used 
routinely for valuable cows. Sometimes mixtures of semen from two or three bulls are used with 
superovulation, and the progeny are sorted out after birth on the basis of blood type. 
Bovine embryos move from the oviduct to the uterus 4 to 5 days after estrus (3 to 4 days after ovulation), 

40 although in superovulated cows a few remain In the oviduct through day 7. A high percentage of embryos can 
usually be recovered nonsurgically from the uterus six or more days after the beginning of estrus. Recovery of 
embryos from the oviduct requires surgery and. therefore, is recommended only in certain cases of infertility. 

To recover embryos, a Foley catheter is inserted through the cervix into the uterus by palpating through the 
wall of the rectum with one hand as is done for artificial insemination. The latex catheter consists of three 

45 channels for inflow, outflow, and inflation of a balloon-like cuff that prevents the escape of fluid after insertion. 
Each uterine horn is filled and emptied five to ten times with 30 to 200 milliliters of fluid each time, according to 
the size of the uterus. The embryos are flushed out with this fluid into large graduated cylinders. Embryos can 
be filtered or allowed to settle for 30 minutes and can then be located under a stereomicroscope by searching 
through an aliquot from the bottom of the cylinder. They are then stored in small containers until transfer. 

50 Embryos from the one-cell to the early blastocyst stage (7 to 8 days after estrus) are between 120 and 140 
micrometers in diameter exclusive of the zona pellucida. Between days 8 and 10. they double in diameter, 
hatch from the zona pellucida. and then grow to 20 centimeters or more in length by day 18. Since bovine 
embryos form no intimate attachment to the uterus before day 18, they can be recovered nonsurgically until 
this time, although they are increasingly prone to damage after day 14. It appears that a larger number of 

55 normal embryos can be obtained nonsurgically 6 to 8 days after estrus than at other times. 

It has been shown (Donaldson et al.. Theriogenology 23, 189 (1985); Donaldson et al., Theriogenology 25, 
749 (1986)), that luteinizing hormone (LH) contamination of follicle stimulating hormone (FSH) reduces the 
superovulation response in cattle. The excessive variability in superovulation response In cattle to a 
standardized quantity of FSH was reported in 1944 (Hammond et al., Journal Agricultural Science 34, 1 (1944)). 

60 but it was not until forty years later when the dynamics of follicular development and the response to 
exogenous gonadotropins was described (Monneaux et al., Theriogenology 19, 55 (1983); Moor et al.. 
Theriogenology 21^. 103 (1984)) that more reliable superovulation techniques began to be developed. It has 
been shown that commercial FSH preparations have high and variable LH contents (Murphy et al., 
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Theriogenoiogy 21 . 117 (1984) ; Lindsell et al., Theriogenology 25, 167 (1986)). Excess LH in a superovulatory 
hormone has been shown to cause premature stimulation of the oocyte (Moor et al. Theriogenology 21, 103 
(1984)), Rat oocytes produced by superovulation have been shown to exhibit reduced fertilizatiofTrates 
(Walton et al., Journal of Reproduction and Fertility 67, 91 (1983); Walton et al.. Journal of Reproduction and 
Fertility 67,309 (1983)). Low fertilization rates in superovulated cattle have been shown not to have resulted 5 
from the quantity of semen used or the number of times the cow was bred (Donaldson. Veterinary Record 117, 
35 (1985)). — 

It has been shown that normal preovulatory progesterone (P4) LH and FSH concentrations are necessary 
for optimal embryo production from superovulated cows (Donaldson, Theriogenology 23. 441 (1985); Calleson 
et a!.. Theriogenology 25, 71 (1986)). Abnomial concentrations of P4. LH and FSH are followed by abnormal 10 
follicular/oocyte maturation and lowered embryo production. 

A commonly available FSH preparation manufactured by Armour Pharmaceutical Co. and known as FSH-P is 
a crude pituitary extract having a high and variable LH content. The LH content has been measured and the 
FSH/LH ratio has been found to be less than 100. Armour Pharmaceutical Co. is the assignee of U.S. Patent 
Nos. 2,799,621 and 3,119,740 which relate to the preparation of FSH-P. 15 

U.S. Patent No. 2,799,621 to Steelman is directed to a method for recovering both adrenocorticotropin 
(ACTH) and gonadotropins (FSH and LH) from the same batch of pituitary material. 

U.S. Patent No. 3.119,740 to Steelman, et al. is directed to a method for preparing follicle stimulating 
hormone (FSH) free from contaminant physiological factors. 

Development of reliable superovulation methods in cattle for producing adequate and predictable numbers 20 
of embryos has been slow (Moor et al., Theriogenology 21^:103-116 (1984)). As noted above, the excessive 
variability in the numbers of ova shed in response to a standardized amount of injected hormone was first 
reported in 1944 (Hammond et al., Journal Agricultural Science 34, 1 (1944)), but it was not until 1983 
(Monneaux et al., Theriogenology 19, 55 (1983); Moor et al., Theriogenology 21:103-116 (1984)) that the 
reasons for this variability began to be understood. The dynamics of follicular development during the bovine 25 
estrus cycle, the response to exogenous gonadotropins (Moor et al., Theriogenology 19, 55 (1983); Moor et 
al., Theriogenology 21 :103-1 16 (1984)), and the differences in the relative abundance of FSH and LH activity in 
gonadotropin preparations (Murphy et al., Theriogenology 21 :1 17-125 (1984)) contribute to this variability. The 
ratio of FSH to LH activity in the various hormone preparations used for superovulation varies between 
batches of Armour's FSH-P and between FSH-P and pregnant mare serum gonadotropin (PMSG) (Monneaux 30 
et al., Theriogenology 19:55-64 (1983); Murphy et al., Theriogenology 22:205-212 (1984)). FSH stimulates the 
growth of granulosa cells in preantral and small antral follicles (Monneaux et al., Theriogenology 19:55-64 

(1983) ) and reverses the process of atresia in follicles over 1.7 mm in diameter (Moor et al., Theriogenology 
21:103-116 (1984)). In the normal cow, the LH surge is responsible for the resumption of meiosis in the 
preovulatory oocyte, and the reduction in the high LH content of pituitary gonadotropin preparations should 35 
decrease premature activation of oocytes during superovulation (Moor et a!., Theriogenology 21:103-116 

(1984) ). A previous study (Donaldson, Theriogenology 22:205-212 (1984)) showed that embryo production 
depended upon the dose of FSH-P. As the dose increased above an optimal 28 mg, three embryo production 
endpoints declined: the number of transferable embryos, the total embryos recovered, and the percent 
transferable. The number of collections at which no embryos were recovered also increased. 40 

Considering the potential immunological reactions that might be encountered, employing bovine 
preparations in treatments involving cattle seems appropriate. The purification of bovine FSH has been 
reported (Beckers et al., Biochemie 59:825-831 (1977) ; Cheng, Biochem. J. 159:651-659 (1976) ; Grimek et al. 
Endocrinology 104:140-147 (1979)). However, the content of FSH in bovine pituituaries is relatively low and the 
recovery with purification is generally poor. Porcine pituitaries are as readily available and the FSH content 45 
seems more amenable to extraction and processing. Indeed, commercially available preparations of porcine 
origin have been widely used in veterinary medicine. Methods for the purification of porcine FSH have also 
been described (Closset et al., Eur. J. Biochem. 86:105-113 (1978); Whitley et al., Endocrinology 
102:1874-1886 (1978)). The amino acid sequence for porcine FSH has been proposed (Closet, Eur. J. 
Biochem. 86:115-120 (1978)), but there is no reported sequence for the bovine hormone. 50 

SUMMARY OF THE INVENTION 

The present invention is directed to a hormone composition for producing superovulation in cattle that 
avoids the above-mentioned disadvantages which are characteristic of the prior art. More specifically, the 
present invention is directed to a hormone composition comprising a particular ratio of follicle stimulating 55 
hormone (FSH) and luteinizing hormone (LH) which produces an optimum superovulation response In cattle. 
The hormone composition of the present invention can be produced from animal pituitary glands or by 
recombinant DNA procedures. 

The hormone composition of the present Invention, preferably, has a FSH to LH ratio of from about 500 to 
about 30,000. Most preferably, the pituitary hormone composition of the present invention has a FSH to LH 60 
ratio of from about 1000 to about 1655, 

The present invention is also directed to a method for producing superovulation in cattle. The method of the 
present invention comprises administering to cattle the composition of the present invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a graphical representation of the chromatogram of connmercialiy available FSH-P on 
QAE-Sephadex A-50. The column dimensions were 5 x 33 cm. A sample load of 10 gm FSH-P was dissolved 
in 120 ml starting buffer {20 mM ammonium acetate, pH 7.2 and was applied to the column. The column was 
5 developed with 4.6 liters of starting buffer to elute the pLH In the sample (Peal< A). Elution with 250 mM 
ammonium acetate was then begun and the pure FSH (FSH-W) fraction was collected {Peak 0). The post-LH 
fraction is labeled peal< B and the post-FSH is labeled peak fraction D. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

10 The present invention relates to a hormone composition and method for producing an optimum 
superovuiation response in cattle. 

The composition of the present invention resulted from the discoveries that high levels of progesterone at 
estrus reduce fertilization rates in cows and that treatment of cows with commercially available FSH 
preparations (FSH-P) elevates blood progesterone levels during estrus. Accordingly, while FSH-P may induce 

15 many follicles to ovulate during superovuiation. fertilization of thse ova is reduced by the elevation of blood 
progesterone levels during estrus. 

It was thought that LH contamination of FSH-P was one of the likely causes of the abnormally high 
preovulatory progesterone levels in cattle. To test this theory, LH was removed from FSH-P and cattle were 
treated with the FSH-rich preparation. Better results were achieved with the FSH-rich preparation in terms of 

20 fertilization while the total ova produced decreased somewhat. It was then determined that by including a small 
amount of LH in the FSH preparation the recruitment of follicles was increased as expressed by total embryos 
recovered. Accordingly, it was deduced that the amount of LH in the FSH preparation had to be optimized in 
order to maximize both follicle recruitment and fertilization rates during superovuiation in cattle. 
The composition of the present invention, preferably, has a FSH/LH ratio of from about 500 to about 30,000 

25 to maximize follicle recruitment and fertilization rates during superovuiation in cattle. The composition of the 
present invention, most preferably, has a FSH/LH ratio of from about 1000 to about 1655. 

The composition of the present invention is, preferably, given to cattle by injection. A parenteral solution of 
the composition of the present invention is preferably prepared by forming a solution of the composition of the 
present with saline or phosphate buffered saline (PBS). The composition of the present invention is preferably 

30 given to cattle at a dose rate of 75 units (NIH-FSH-S1) by eight equal injections of 9.375 units over a period of 4 
days at approximately 12 hour intervals. 

The present invention will be described in more detail with reference to the following examples. These 
examples are merely illustrative of the present invention and are not intended to be limiting. 

35 EXAMPLE 1 

USE OF PORCINE FOLUCLE STIMULATING HORMONE AFTER CHROMATOGRAPHIC PURIFICATION IN 
SUPEROVULATION OF CATTLE 
An FSH-rich fraction hereinafter referred to as (FSH-W), free of detectable LH, was used to superovulate 

40 cattle. Three experiments were conducted to determine the optimal dose and treatment regimen for FSH-W, to 
compare FSH-W and FSH-P (a commercial preparation available from Burns Biotec, Omaha, NE), and to study 
the effects of adding luteinizing homnone (LH) to the FSH-W. 

Brahman crossbred cows were used in all experiments. The cattle were managed and superovulated in a 
similar manner as previously described in Donaldson, Therlogenology 21 :517-524 (1984) the disclosure of 

45 which is hereby incorporated by reference. The superovuiation treatment was conducted over a period of 4 
days and cows were treated twice daily at approximately 7 AM and 6 PM each day. Estrus was controlled with 
prostaglandin F2a (PGF, available from the Upjohn Co., Kalamazoo, Ml) given in three doses of 35/15/15 mg 
morning, noon, and night on the third day. or with a cloprostenol dose (Estrumate. Haver Lockhart, Shawnee, 
KS) of 2.0 cc on the morning of the third day of superovuiation as described in Donaldson, Theriogenology 

50 21 :1021-1022 (1984) the disclosure of which is hereby incorporated by reference. 

Estrus was monitored three times per day for about 45 minutes and the cows were bred about 6, 18 and 32 
hours after detection of estrus. Embryos were collected nonsurgically and classified on the basis of 
microscopic appearance into transferable and nontransferable, unfertilized and fertilized degenerate 
(Donaldson. Theriogenology 21:517-524 (1984)). A transferable embryo appeared vital and was usually 

55 symmetrical and approximately round. The blastomeres were distinct with smooth membranes, without 
vesicles or excessive cellular debris beneath the zona pellucida. Non-transferable (degenerate) embryos had 
any or several of the following features: flattened, fuzzy membranes; grainy or dark appearance: cracked or 
broken zona. A fertilized degenerate embryo had clear evidence of cleavage whereas unfertilized eggs had 
perfectly spherical zonas containing single cells without evidence of cleavage. Embryo collection was 

60 performed on those cows that came into estrus. The data were analyzed by one- or two-way analysis of 
variance (ANOVA). Variance is represented by standard deviations of the mean. 

The FSH-W preparation was produced from a commercially available porcine pituitary gland preparation 
(FSH-P, Lots 550C81 and 551 C81 from Burns Biotec, Omaha, NE) by employing a QAE-A50 chromatography 
step procedure that separates pLH from pFSH (S,D. Glenn, unpublished). The FSH-W preparation can also be 

65 produced by the same chromatography step procedure from the pituitary glands of domestic animals such as 
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sheep and pigs. First, however, the FSH must be removed from the pituitary gland. This process involves 
taking a pituitary gland from an animal and either fresh freezing it or lyophiiizing it. If the pituitary is fresh frozen 
the water must be removed by acetone drying. Next, the acetone dri^d powder or freeze dried powder is 
extracted four times with a varying ratio of ethanoi and tris buffqr starting at 75% ethanoi and working down to 
200/0. Each extract is then processed to remove the FSH and LH from the extract whjch is accomplished by 5 
cutting the extract with membranes by putting it through a 0.2 filter to remove ail the fats, putting it through a 
100.000 filter to remove all the proteins and other components greaterthan 100,000 Daltons and finally putting 
it over a 10,000 Dalton membrane to concentrate the volume. The concentrated solution is then freeze dried or 
placed directly on the QAE-A50 column. The procedure exploits the differential affinity of LH and FSH in a low 
ionic strength buffer such as 20 mM ammonium acetate at a pH of 7.2 to separate the IH and the FSH. The LH 10 
fraction contains some FSH activity, whereas the FSH fraction contains no detectable LH activity. The column 
elution is continued with 20 mM ammonium acetate at a pH of 7,2. After this step, the FSH activity retained on 
the column (approximately 660/0 of the total) is eiuted with a 250 mM ammonium acetate buffer, pH 7.2. An 
inactive post-FSH fraction may be eiuted with 500 mM ammonium acetate buffer, pH 7.2. if the remaining 
protein is to be accounted for. 15 

With Lot 551 C81, a 1.8-gm QAE-A50 column chromatography load was used. To obtain more material, the 
chromatography load was scaled up five-fold and a 10-gm load of Lot 565F82 was processed to obtain material 
of similar potency. The FSH and LH activity was assayed by a radioligand procedure as described previously by 
Bousfieid et al., J. Biol. Chem. , 259:1911-1921 (1984) the disclosure of which is hereby incorporated by 
reference. The receptor assays used i25|.(abeled hCG or equine FSH as radioligands and rat testis (Moore et 20 
a!., J. Biol. Chem. 255, 6930-6936 (1980)) or chicken testis homogenate (Glenn et al., Biol. Reprod. 24 
(Suppl. 1 ) 1 17A Abstr. (1981)) as receptor preparations, respectively. The hormones were labeled to a specific 
activity of 25 to 50 \iC\l jig. Under these conditions, the assay is linear for porcine FSH in the range of 2 to 200 
ng of pure porcine FSH. The LH radioligand assay is linear over the range of 10 to 1000 ng of pure porcine LH. 
All potency estimates were made from the parallel portion of the competitive binding curves for the unknown. 25 
Relative potencies were calculated from the IDsos determined from the inhibition curves (Liu et al., J. Biol. 
Chem. 249:5544-5550 (1974)). Potency was expressed in terms of the N1H-LH-S16 reference preparation for 
LH and NlAMDD-OFSH-13 reference preparation for FSH. Potency is expressed with these preparations equal 
to one unit by definition. The N1H-LH-S16 is essentially equipotent to the N1H-LH-S1 preparation. However, the 
NlAMDD-OFSH-13 is approximately 15 times the potency of the old N1H-FSH-S1 preparation. The potency 30 
estimates for the hormones used in the experiments are shown in Table 1. 
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TABLE 1 





Separation and 


assay of FSH-W 


from FSH-P 




5 


Lot No. of FSH-P 




551C81 


565F82 




FSH-P, starting wt., gm 




1.8 


10.0 


10 


FSH-W 


gm 


0.8313 


3.485 




LH fraction 


gm 


0-8097 


0.8640 


15 


Post-FSH fraction^ 


gm 




2.089 




Recovery 




yx . X 






Relative potencies^ 
FSH-P 


FSH 
LH 


0.32 
0.039 


0.35 
0.075 


25 


FSH-W 


FSH 
LH 


0.5 
<0,005 


0.66 
<0.011 




a An inactive fraction 


eluted after 


the FSH, with 500 mM 




ammonium acetate. 








30 


t> Relative to National Institutues 


of Health 


standards 



NIAMDD-OFSH-13 and NIH-LH-S16 



35 



40 



45 



50 



55 



The elution pattern for the materia! coming off the QAE-A50 column is typical and is depicted in Figure 1 . The 
FSH-rich fraction (FSH-W) had a biological activity of 0.66 x NIAMDD-OFSH-13 with an undetectable LH 
potency (i.e., it was less than 0.011 x N1H-LH-S16. the limit of detection in the assay at the highest dose 
tested). The recovery of material from the columns was 91.1 and 64.50/o. 

Although the FSH-rich fractions are essentially free of LH, the FSH-W does not represent pure porcine FSH. 
Pure porcine FSH has a potency of about seven times NIAMDD-OFSH-13 (Closset et al., Eur. J, Blochem. 
86:105-113 (1978); Whitley et al., Endocrinology 102: 1874-1886 (1978)). Thus, the fractions obtained here are 
about 110/0 pure but are suitable for the studies undertaken. 

Experiment 1: 

120 cows were used in a 3 x 2 factorial design to test the effects of dose rate of FSH-W and treatment 
regimen on embryo production. The dose rates used were 2.7, 5.4, and 10.8 units (NIAMDD-OFSH-13). These 
dose rates were calculated from the potency estimates to be equipotent in FSH with 14, 28, and 56 mg (Armour 
units) FSH-P. The two treatment regimens consisted of eight individual injections of one-eighth of the total 
dose (constant regimen) or a descending dose of 19. 14. 10, and 70/o of the total dose given twice a day for 4 
days. Between 5 and 20 cows per week were assigned to experimental treatments. Treatments were assigned 
randomly to weeks and within weeks to each cow. Usually two treatments were assigned per week, but each 
treatment was represented within at least 2 wk. 

The results of Experiment 1 are found in Table 2 below. 
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TABLE 2 

Effects of FSH-W dose rate and treatment regimen on 
Mean Embryo Production (Experiment I) 



Embryo Production (Mean + SD) 



Treatment 



Number 
trans^ 
f erable 



Total 
recov- 
ered 



Percent 
trans- 
ferable 



Number 
fertil- 
ized 



Dose X regimen 

2.7 units + 3^9 9^1 + 7^2 66 + 36 6.2 + 5.0 

(NIH)a Constant 



2.7 units 
Descending 

5.4 units 
Constant 

5.4 units 
Descending 

10.8 units 
Constant 

10,8 units 
Descending 



4.2 + 3.0 6.8 + 4,5 67 + 33 5.7 + 3.6 
7.8 + 7.3 15.4 +.18.0 64 + 32 10.1 + 10.6 
6.4 + 5.1 12.3 + 8.1 51 + 27 10.3 + 6.7 

4.3 + 4.8 10.1 + 8.6 35 + 25 6.6 + 6.9 
1.8 + 1.7 12.5 + 8.8 19 + 22 3.3 + 3.1 



10 



15 



20 



25 



30 



Both 


regimens 


(constant and 


descending) 








35 


2.7 


units 


4.5 + 3.5 


8.0 + 6.2 


66 


+ 


35 


5.9 + 4.4 


5.4 


units 


7.0 + 6.5 


13.8 + 14.6 


57 


+ 


31 


10.1 + 9.1 


10.8 


units 


3.1 + 3.9 


11.2 + 8.8 


27 


+ 


25 


40 

5.1 + 5.8 



All doses (2.7, 5.4, and 10.8 NIH units) 
Constant 5.6 +5.8 11.5 + 12.6 56 + 35 7.6 + 8.1 



Descending 



4.3 + 4.0 10.7 + 7,9 46 + 34 6.7 + 5.5 



45 



50 



55 



BY ANOVA P = Dose 0.003 0.053 
Regimen 0.126 0.678 

Interaction 0.696 0.527 



0.001 
0.089 
0.580 



0.004 
0.652 
0.527 



^National Institutes of Health. 
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There was a significant effect of dose of FSH-W on the number of transferable embryos recovered 
(P « 0.003). The number of transferable embryos increased from 4.5 ± 3.5 to 7.0 ± 6.5 and then decreased to 65 
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3.1 ± 3.9 with increasing dose. The total embryos recovered increased from 8.0 ± 6.2 to 13.8 ± 14.6 and then 
to 11.2 ± 8.8 (P < 0.001) with increasing dose, while the percent transferable declined from 66 ± 350/o to 57 
± 31% and then to 27 ± 250/o (P = 0.001). These changes in the number and percent transferable were 
associated with changes in the number of fertilized embryos ; this number increased from 6.9 ± 4.4 to 10.1 ± 
5 9.1 and then declined to 5.1 ± 5.8 (P = 0.004). The number of fertilized embryos that degenerated was not 
affected by the dose of FSH-W (1.4 ± 2.5, 3.1 ± 3.7. and 2.0 ± 3.0, respectively; P=0.120). There were no 
significant interactions between dose and regimen. 

Experiment 2: 

10 130 cows were used to compare FSH-W made from Lot 551C81 with FSH-P (Lot 551C81). The dose of 
FSH-W that gave the best embryo production response in the first experiment (5.4 mg) was compared with the 
dose of FSH-P (28 mg, Armour units) that was previously reported to give the best response (Donaldson, 
Theriogenology 22:205-212 (1984)). The cows were treated with a descending dose treatment regimen in 
which 19, 14, 10, and 70/o of the total dose was given twice a day for 4 days. Cows were assigned randomly to 

15 the two treatments. Jugular biood samples were taken at the beginning of estrus for progesterone 
determinations In accordance with the procedure described by Reimers et al., J. Anim. Sci. 57:683-691 (1983) 
(the disclosure of which is hereby Incorporated by reference), from 15 cows superovulated with FSH-P (28 mg) 
and from 24 cows superovulated with FSH-W (5.4 mg). 
The results of Experiment 2 are found in Table 3 below: 

20 

TABLE 3 

Comparison of FSH-W and FSH-P for the Superovulation 
25 of Cattle 





Treatment 








Embryo 


FSH-P 


FSH- 


-W 




Parameters 


Mean SD 


Mean 




SD 


P 


Number 


2.9 + 4.0 


6.3 




6.7 


0.001 


transferable 












Total 


11.1 + 10,0 


12,1 


+ 


9,6 


0.591 


recovered 












Percent 


30 + 33 


47 


+ 


35 


0.007 


transferable 












Number 


5.8 + 6.7 


9.0 


+ 


8.2 


0.019 


fertilized 












Number 


2.4 + 3.6 


2.5 


+ 


3.0 


0.819 


degenerate 













50 

When compared with 28 mg FSH-P, 5.4 units FSH-W significantly increased the number of transferable 
embryos from 2.9 to 6.3 (P 0.001) without affecting the total embryos recovered (12.1 and 11.1, P = 0.591). 

5.4 units of FSH-W was calculated to be equipotent with 28-mg equivalents of Armour units of FSH-P, and as 
55 noted above these dose levels have been found to be the most effective doses for both products. The percent 
transferable was higher in the FSH-W (470/o) than in the FSH-P treated cows (300/o, P = 0.007). This higher 
percentage resulted from an increase in the number of embryos fertilized from 5.8 to 9.0 (P = 0.019). 

The blood progesterone levels (ng/ml) during estrus in the 15 cows treated with FSH-P (0.88 ± 0.69) were 
significantly higher (P== 0.016) than in the 24 cows treated with FSH-W (0.45 ± 0.36). Normal blood 
60 progesterone levels in the cow during estrus range from 0.2 to 0,5 ng/ml (Lemon et al., J. Reprod. Fertil. 
31:501-502 (1972)), 

Crisman et al, (Theriogenology 15:141-154 (1980)) showed that excess progesterone (but not estradiol) 
increased ovum transport rates in the cow. The higher progesterone levels in the FSH-P treated cows may be 
caused by the LH contamination, which enhances progesterone production in the theca Interna of preantral 
65 follicles (Terranova et al., Blol. Reprod. 29:630-636 (1983)) or which luteinizes large follicles that subsequently 



8 



0 276166 



produce progesterone. FSH can stimulate progesterone production in follicles itself (Lischinsky et al., 
Endocrinology 113:1999-2(XI3 (1983)) and this progesterone production may be involved in the reduction in 
the number of fertilized embryos with higher doses of FSH-W. Previously, high blood progesterone levels at 
estrus have been associated with decreased embryo production in cattle (Greve et al., Theriogenology 21 :238 
Abstr. (1984). 

Experiment 3: 

50 cows were used rn a 2 x 2 factorial design to test the effects on embryo production of adding LH (made 
from Lot 551 C81 as described above) to the FSH-W preparation on the first day of FSH treatment to induce 
superovulation. The two dose levels of FSH-W were 5.4 and 8.3 units given in a constant regimen as in 
Experiment 1. LH was injected at the time of the two FSH-W injections at dose rates of 0 or one mg 
N1H-LH-S16. This LH included 0.06 units of FSH per injection as a contaminant. Cows were assigned randomly 
to the four treatments. 

The results of Experiment 3 are found in Tabie 4 below: 

TABLE 4 

Effect of adding LH to FSH-W on Mean Embryo Production 

Embryo Production (Mean + SD) 
Number Total Percent Number 

trans- recov- trans- fertil- 

ferable ered ferable ized 



Treatment 



Dose X LH 
5.4 units 
(NIH)a + LH 

5.4 units 
NO LH 

8.3 units 
+ LH 

8.3 units 
NO LH 



5.1 + 3.2 10.8 + 4.6 55 + 34 7,6 + 3.4 

7.8 + 4.4 13.4 + 5.5 60 + 28 11.1 + 5.3 

3.6 + 6.3 10.8 + 7.8 41 + 37 2.7 + 1.7 

7.8 + 7.7 16.7 + 9.9 45 + 28 14.7 + 10.1 



10 



15 



20 



25 



30 



35 



40 



Both LH treatments 
5.4 units 6.4 + 4.1 12.1 + 5.2 55 + 31 



8.3 units 



5.8 + 7.4 13.9 + 9.4 43 + 33 



9.3 + 4.8 
8.7 + 9.4 



45 



Both doses 

LH 4.4 + 5.0 10.8 + 6.3 48 + 36 5.3 + 3.6 



NO LH 



7,8 + 6.3 15.0 + 8.1 53 + 29 12.8 + 8.1 



50 



ANOVA P = LH 0.052 
Dose 0.698 
Interaction 0.665 



0.06 

0.525 

0.529 



0.635 
0.126 
0.945 



0.001 
0.742 
0.024 



^National Institutes of Health. 



Adding LH to the FSH-W on the first day of FSH treatment reversed the effect of removing LH from FSH-P. 
The number of transferable embryos were reduced from 7.8 ± 6.3 to 4.4 ± 5.0 (P 0.05, Table 4) . Total embryos 
recovered was reduced (P = 0.06), and percent transferable was not significantly different (P = 0,635). The 
number of fertilized embryos was reduced from 12.8 ± 8.1to5.3 ± 3.6 by the addition of LH dose to FSH-W (P 



55 



60 



65 
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< 0.001). There was a significant interaction (P = 0.024); LH had more effect on fertilization at the higher 
dose. Added LH significantly reduced the number of fertiilzed degenerating embryos (4.8 ± 3.9 to 1 .5 ± 1 .6, 
P = 0.001 ) , but the percent degenerate (31 + 31 and 38 ± 28o/o, P ^ 0.56) remained the same because there 
was a parailel reduction in the number of fertilized embryos. 

5 The effect of altering the LH content of the FSH on total embryo production was not clear, but embryo 
recovery is not a sensitive measure of ovulation rate because only about 400/o of the ovulations are 
represented by embryos recovered (Donaldson, Vet. Rec. 117:33-34, 1985). 

In cattle superovulated with FSH-P, fertilization rates have been found not to be Improved by increasing the 
number of times a superovulated cow was bred above two times or by increasing the number of straws of 

10 semen used at each breeding above one (Critser et al.. Theriogenology 13:397-405 (1980); Donaldson, Vet. 
Rec. 117:35-37 (1985). Based on these results, it was hypothesized that there are factors other than sperm 
numbers that interfere with fertilization. In the normal estrus cycle, the LH surge triggers the maturation phase 
of the oocyte, establishing the time frame for fertilization (Moor et al., Theriogenology 21:103-116 (1984)). 
Excess LH in a superovulatory hormone causes premature stimulation of the oocyte (Moor et al., 

15 Theriogenology 21 :1 03-1 16 (1984)) so that the oocyte may not be capable of being fertilized at the normal time. 
In ewes, superovuiation reduces sperm transport (Armstrong et al., Proc. 10th Inter. Cong. Anim. Reprod. Art. 
Insem., Urbana. IL. 1984, pp. VI1-8-VII-15). In rats, oocytes produced after superovuiation with pregnant mare 
serum gonadotropin are normal (Evans et al., J. Reprod. Fertil. 70:131-135 (1984)) but have reduced fertility 
due to complete or partial failure of fertilization (Walton et al., J. Reprod. Fertil. 67:91-96 (1983); J. Reprod. 

20 Fertil. 67:309-314 (1983)). Therefore, the demonstrated increase in blood progesterone levels at estrus offers 
several mechanisms whereby fertilization rates could be influenced by the levels of LH and FSH in the 
superovuiation treatments namely, increased tubal transport of ova, decreased sperm capacitation, or 
decreased sperm transport. LH in superovuiation regimens appears to be deleterious and exerts its effect at 
several stages in the reproductive process. Excluding LH from an FSH preparation for superovulating cattle 

25 increased the production of transferable embryos by increasing the number of fertilized embryos. 

EXAMPLE 2 

DOSE RESPONSE TO FSH-W WITH AND WITHOUT LH CONTAMINATION 

30 FSH-P (lot 565F82, Burns Blotec, Omaha NE) was separated into an FSH-W fraction without any detectable 
LH using sephadex QAE-A50 column chromatography as described in Example 1. The relative potency of FSH 
and LH for the FSH-P (0.32 and 0.039) and FSH-W (0.66 and < 0.01) fractions to NIH-FSH-S13 and NIH-LH-S16 
were determined using chicken and rat testicular homogenate receptor assays. The assays indicated that 5.4 
units FSH-W was approximately equipotent in FSH to 20 Armour units (often expressed as mg) FSH-P, The 

35 dose response to FSH-P was measured in 80 Brahman cross cows (20 per dose level) and to FSH-W in 140 
Brahman cross cows (37, 36. 27. 31 and 9 per dose within increasing doses respectively). 
The results of this study appear in Table 5 below. 



TABLE 5 



45 







FSB 


-W 


FSH-P 




MEAN 


EMBRYOS/COW 


MEAN EMBRYOS/COW 


FSH 


#trans- 


total 


%trans- 


Armour 


# trans- 


total %trans- 


units 


ferable 




ferable 


units 


ferable 


f erable 


2.7 


4.5 


8 


66 








5.4 


7.1 


14 


57 


20 


2.1 


2,6 72 


8.3 


4.9 


11 


46 


28 


3.9 


10.1 47 


10.8 


3.4 


11.2 


29 


40 


2.5 


8.2 35 


16.2 


3.5 


9.4 


35 


60 


0.9 


6,3 16 



By ANOVA within columns 

P = 0.043 0-161 0.000 0.006 0.003 0.000 



The removal of the LH increased the effectiveness of the FSH-W by lowering the dose giving the maximum 
response, and by apparently increasing the number of transferable embryos produced at that response. The 
decline in embryo production beyond the most effective dose was not as large with FSH-W as it was with 
FSH-P. Removal of the LH from the FSH-P altered the shape of the dose response curve, and increased the 
responsiveness of the cow to FSH. 
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EXAMPLE 3 

EFFECTS OF LH ON EMBRYO PRODUCTION IN SUPEROVULATED COWS 

As noted above, it has been shown that norma! preovulatory progesterone (P4), LH and FSH concentrations 
are necessary for optimal embryo production from superovulated cows. Abnormal concentrations of P4, LH 5 
and FSH are followed by abnormal follicular/oocyte maturation and lowered embryo production. Since LH 
contamination of FSH preparations is thought to be one of the likely causes of abnormal preovulatory 
progesterone concentrations, this example was designed to study the effects of LH added to FSH on embryo 
production in the cow. 

In this study, three FSH preparations were used, FSH-P (available from Burns Biotec Omaha NE), FSH-W w 
and FSH-S. FSH-W was produced as described in Example 1 from FSH-P or from porcine pituitaries and 
contained no detectable LH. The FSH and LH activity of the FSH-W and three of six lots of FSH-P used In this 
study were assayed by a radioligand receptor assay using "'ssj-labelled HCG or equine FSH as radioligands 
(Bousfield et al., J. Biol. Chem. 259, 191 1 (1984)) and rat testis (Moore et al., J. Biol. Chem. 255. 6930 (1980)) or 
chicken testis (Glenn et al., Biol. Reprod. 24 (Suppl. 1) 117A (1981)) homogenates as receptor preparations 15 
respectively. Potency was expressed in terms of NIH-LH-S1 and NIH-FSH-S1 preparations. FSH/LH ratios 
were calculated in terms of these units. FSH-S was made from FSH-W by adding an aliquot of FSH-P to achieve 
an FSH content per dose of 75 units with an FSH/LH of greater than 500 and less than 2000. 

A total of 273 cows were superovulated at seven embryo transfer centers. At each of the centers FSH-W 
was substituted for the FSH-P that was in normal use. At two centers FSH-S was also substituted. These 20 
superovulations using FSH-W and FSH-S were compared with contemporary controls receiving FSH-P. Cows 
from a wide range of cattle breeds (both beef and dairy) were superovulated with 75 or 112 units FSH-W, 
FSH-S or FSH-P (28-42 mg Armour units). Five centers used 75 units and two centers used 112 units. The total 
number of embryos and ova, the number of transferable embryos, the number fertilized and the number of 
fertilized degenerates were recorded (Donaldson Vet. Rec. 117, 35 (1985). Superovulation techniques varied 25 
from center to center but generally followed the non-surgical technique described by Elsden et al., 
Therlogenology 6, 523 (1976) the disclosure of which is hereby incorporated by reference. 

The data were collected over an 1 8 month period and no efforts were made to detect or correct for variations 
in techniques between centers. It was assumed that the FSH-P preparations used and not assayed had similar 
FSH/LH ratios to the lots that were assayed. The ratios of percent transferable, percent fertilized and percent 30 
fertilized degenerate were calculated for each observation. The data were analyzed by analysis of variance and 
Student's two tailed t test between centers and then pooled over all centers and both FSH doses. 

The results of this study appear in Table 6 below. 
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TABLE 6 



EFFECT OF LH ON EMBRYO PRODUCTION 
IN SUPEROVULATED COWS (MEANS +S.D. ) 

5 







FSH-W 


FSH- 


•S 


FSH-P 


P< 


10 


TP^^H /T.H 
jj on/ Ajii 


> 20,000 


>500 


<100 






# cows 


94 




89 






90 






15 


EMBRYOS 






















TOTAL 


8.8 + 


7.4 


10.6 


+ 


9.2 


8.1 


+ 


7.2 


0.108 




FERTILIZED 


7.6 + 


7.3 


9.0 


+ 


8.5 


6.0 


+ 


6.6 


0.040 


20 


TRANSFERABLE 


5.7 + 


5.8 


5.8 


+ 


6.4 


3.3 


+ 


4.7 


0.006 




% TRANSFER- 


66 + 


33 


51 


+ 


35 


37 


+ 


38 


0.001 


25 


ABLE 






















% FERTILIZED 


83 + 


28 


81 


+ 


29 


62 


+ 


42 


0.001 




% FERTILIZED 


21 + 


27 


34 


+ 


30 


39 


+ 


37 


0.002 


30 


DEGENERATE 





















35 

There was no statistical difference in embryo production between centers within FSH preparations and 
between dose rates, so the data was pooled. FSH-S produced an average of 10.6 embryos and ova per flush 
which was not significantly different from the 8.8 and 8.1 produced by FSH-W and FSH-P (P < 0.108). The 
addition of LH below the FSH/LH of 500 significantly reduced the number of embryos of transferable quality 

40 from 5.7 (FSH-W), and 5.8 (FSH-S) to 3.3 (FSH-P. P < 0.006). As LH levels increased the transferable percent 
declined from BBO/o (FSH-W), to 51o/o (FSH-S) and 37o/o (FSH-P, P < 0.001) because of changes in the number 
of embryos fertilized and an increase in the percent of fertilized embryos that degenerated. The number of 
fertilized embryos increased from 7.6 (FSH-W) to 9.0 (FSH-S, P > 0.01) and then declined significantly to 6.0 
with FSH-P (P < 0.04). The percentage of fertilized embryos that degenerated increased from 21o/o (FSH-W) 

45 to 340/0 (FSH-S. P < 0.032) and then to 390/o (FSH-P. P < 0.002) as LH levels in the FSH preparations 
increased. 

The precision of this study may have been reduced because of the involvement of seven different embryo 
transfer centers, but the results suggest important differences exist between the superovulation response 
produced by these three hormone preparations, which differed only in their LH content. 

50 The dose rates for each FSH preparation were selected to be equipotent in FSH and to be optimum for 
transferable embryo production (Donaldson, Theriogenology 22:205 (1984); Donaldson et al., Theriogenology 
23, 189 (1985)). LH contamination of FSH reduced the fertilization rates of ova produced by superovulation. LH 
appears to specifically block fertilization, the mechanism for which may be through premature stimulation of 
the maturing oocyte (Moor et aL, Theriogenology 21 . 103 (1984)) so that the oocyte is not capable of being 

55 fertilized. This is supported by an earlier study that showed that fertilization problems in superovulated cows 
cannot be overcome by multiple inseminations with many doses of semen (Donaldson, Vet. Rec. 117 . 35 
(1 985)). The number of times that the cows were bred and the quantity of semen used was not standardized in 
this experiment, but the routine practice at all but one of the embryo transfer centers was to breed 
superovulated cows at least twice with a total of at least two doses of semen. The slight increase in the number 

60 of fertilized embryos in the FSH-S group was offset by the increase in the degeneration of fertilized embryos 
with increasing LH levels. The mechanism by which fertilized embryos degenerate with increasing LH levels is 
not known. As the LH content of the FSH increased, the variability of some of the responses increased as 
measured by the standard deviation of the mean. This was seen in the number and percentage transferable, 
and the number and percentage fertilized. Thus, the variability of superovulation response may be reduced by 

65 controlling the LH levels in the superovulatory hormones. 
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There are problems comparing the assay results from different laboratories of various gonadotropin 
preparations used in the superovulation of cattle because of the variety of assays and standards used. It 
appears that all FSH-P preparations have an FSH/LH of less than 100. These results confirm the conclusions 
drawn from endocrine data (Donaldson, Theriogenology 23, 441 (1985) and Calleson et al.. Theriogenology 25, 
71 (1986)) that the traditional superovulatory treatments with gonadotropins containing LH disturbs the normal 5 
oocyte and follicular development leading to oocytes of inferior quality; and that FSH is mainly responsible for 
the number of embryos and ova produced and LH for their subsequent quality. 

EXAMPLE 4 

10 

LH EFFECTS ON SUPEROVULATION AND FERTILIZATION RATES 

The effects of LH during superovulation and at the subsequent estrus were studied in 108 beef and dairy 
cows. The experimental design was a 3x2 factorial with three FSH preparations, having different 
concentrations of LH. and two levels of LH (10 and 0 units) injected six hours after the onset of estrus. The FSH 
preparations were FSH-W. FSH-S and FSH-P. The FSH-W and FSH-S were prepared from FSH-P (Armour 15 
Pharmaceutical Co,, Chicago, IL) as described in Examples 1 and 3, respectively. 

The hormones were assayed by radioligand receptor assay referenced to the NIH-FSH-S1 and NIH-LH-S1 
standards. The FSH/LH ratios of the three FSH preparations were in the following ranges 30,000 (FSH-W), 
1600 (FSH-S) and 114 (FSH-P). 

The cows were superovuiated with 75 units of FSH divided into eight equal doses administered at 12 hour 20 
intervals for four days starting In the evening. Chlorprostenol 2cc (Estrumate, Haver-Lockart, Shawnee, KS) 
was given at the time of the fifth FSH injection. The cows were observed closely for the onset of estrus, and 
half of them received 10 units LH six hours later. Cows were bred with one straw of frozen semen four to 22 
hours after the onset of estrus. Embryos were recovered nonsurgically seven days later and the total, number 
transferable and the number fertilized recorded. Data were analyzed by two way analysis of variance. 25 

Transferable/total embryos recovered were 2.4/4 (FSH-W), 6/10.5 (FSH-S) and 1.9/5.4 (FSH-P). Total and 
transferable embryos were significantly different (P =0.011 and 0.014). The percent transferable was lower in 
the FSH-P (350/0) than in the other groups (55o/o and 520/o, P=0.047). The LH effect was in the percent 
fertilized, being 840/o (FSH-S), 8OO/0 (FSH-W) and 480/o in the FSH-P group (P = 0.001). LH at estrus did not 
affect transferable or total embryos (3.5/7 with LH and 4.9/8.5 in controls, P =0.667 and 0.756), The percent of 30 
ova fertilized in the LH at estrus group (700/o) tended to be lower than the controls (820/o, P=^0.08), as did the 
percent transferable (43o/o versus 560/o, P = 0,153). Embryo production was significantly affected by the LH 
levels in the FSH but not by the LH injected at estrus. High levels of LH in the FSH reduced fertilization rates. 
Low fertilization rates have traditionally been approached by increasing the number of doses of semen used 
and the number of times a donor cow is bred. In this study one breeding with one dose of semen produced 35 
normal fertilization rates when the level of LH in the FSH hormone was reduced, indicating that low fertilization 
rates with FSH-P are specifically an LH problem not a semen quantity or a number of times bred problem. 

EXAMPLE 5 

40 

FIELD TESTS WITH THREE FSH PREPARATIONS 

The three FSH preparations were used almost exclusively on problem donors that had failed to respond to 
commercially available Armour FSH-P. Each embryo transfer center testing the preparations were asked to 
report contemporary results with FSH-P, The data are therefore heterogeneous and may be best used to 
demonstrate the type of results in independent hands and fertilization rates. The actual numbers and 45 
differences between treatments have to be interpreted with caution. 
Three hormone preparations were tested each with a different formulation. They were: 
FSH-W batches 200 and 167 of an FSH preparation containing no detectable LH or having a ratio of FSH/LH 
of 30,000. 

FSH-S. an FSH preparation according to the present invention containing some LH having an FSH/LH ratio 50 
of 1610. 

FSH-P is a commercial FSH preparation containing much LH having an FSH/LH ratio of <114. 

The FSH-W and FSH-S preparations utilized in this study were prepared from FSH-P (Armour 
Pharmaceutical Co., Chicago, IL) as described in Examples 1 and 3, respectively. 

The data represents most breeds. Six of the 10 embryo transfer centers only used FSH-W on problem cows 55 
and the production from these cows was less than with FSH-P. The others used FSH-W on the normal run of 
cows and they had production equal to or better than FSH-P. There were obvious differences between centers 
on classification of embryos into unfertilized and fertilized degenerate. No attempt has been made to correct 
data for any of these differences. Each center used at least 2 FSH products. 

The data has been divided on the basis of product and dose. FSH-W and FSH-S have been measured in 60 
terms of the NIH-FSH-FSH1 standard. The three doses are 75, 112 and 150 units, (75 units is the same as 5 
units S13, the units in which batch 200 was measured). The equivalent Armour units are 28, 42 and 56. 
Collections where no embryos were recovered are not included in this analysis, mainly because there seemed 
to be large irregularities in the way they were reported. It is not believed that the majority of zero collections 
have anything to do with the FSH, and their absence does not affect the fertilization and degeneration rates 65 
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that were the focus of this example. 

The data confirms the controlled experiments that FSH-Wand FSH-S improved fertilization rates. This effect 
carries over Into percent transferable, and in the case of FSH-S into the number transferable. FSH-S increased 
recruitment of follicles over FSH-W as expressed by the total embryos recovered. There is an indication that 
5 increasing the dose of FSH reduces the degeneration rate. 

TABLE 7 

10 EMBRYOS 

TRANSFERABLE/TOTAL ^ 
(% TRANSFERABLE) 



15 


PREPARATION 


75 


DOSE LEVEL 
112 150 


TOTAL 


20 


FSH-W 


4.8/9.4 
(55) 


4.7/7.2 

(70 ) 


5.4/8 
(62 } 


4.9/8.9 

(58) 




41 T7T notice 


XDO 


26 


46 


229 


25 


FSH-S 


7.5/11.4 
(64) 


7/15.1 
(46) 


8/11.5 
(71) 


7.5/12.2 
(62) 


30 


# FLUSHES 


34 


11 


12 


57 




FSH-P 


5.2/11.4 

(48) 


4/8.8 
(55) 


6.3/10.1 
(54) 


5.4/10.8 
(50) 


35 


# FLUSHES 


157 


26 


60 


243 


40 


TOTAL 


5.2/10.5 

(53) 


5.0/9.5 

(59) 


4.5/9.4 

(60) 


5.3/10.1 
(55) 




# FLUSHES 


349 


63 


117 


529 



45 

P VALUES DOSE 0.566, 0.081, 0.549 

PREPARATION 0.029, 0.087, 0.138 



50 



55 



60 



65 
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TABLE 8 • 



EMBRYOS 
# FERTILIZED, % FERTILIZED 



PREPARATION 


75 


DOSE LEVEL 
112 150 




TOTAL 




FSH-W 


6.4,73 


5.8,80 


6.8,82 


6.4,75 


10 


PSH-S 


10.4,95 


9.9,91 


11,88 




10.5,92 
















15 


FSH-P 


7.2,65 


5,65 


7.2,63 


7,64 


TOTAL 


7.2,71 


7.4,73 


6.2,76 


7.1,72 


20 


P VALUES DOSE 

PREPARATION 


0.586, 
0.000, 


0 
0 


.966 
.000 





TABLE 9 
EMBRYOS 

# FERTILIZED DEGENERATE, % FERT. DEGENERATE 



PREPARATION 


75 


DOSE 
112 


LEVEL 

150 


TOTAL 


35 


FSH-W 


1.9,26 


1.3,20 


1.2,21 


1.7,24 




FSH-S 


3.2,31 


5.2,42 


2.6,20 


3.5,31 


40 


FSH-P 


2.6,30 


1,16 


1,13 


2,24 


45 


TOTAL 


2.4,28 


1.9,22 


1.3,17 


2.1,25 





P VALUES DOSE 0.586, 0.966 

PREPARATION 0.000, 0.000 



EXAMPLE 6 

This example compares a batch of FSH-S having a FSH/LH ratio of approximately 1000 and a batch of FSH-P 
having a FSH/LH ratio of approximately 114. The batch of FSH-S was prepared in accordance with the 
procedure described in Example 3. 

The results of this comparison are shown in Table 10 below. 
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TABLE 10 







# 


Good 


Embryos 


Total 


Embryos 


% Good Embryos 


5 






Mean 


+ SD 


Mean 


+ SD 


Mean + SD 


10 


FSH-S 


7 


.56 + 


6.98 


14.2 


+ 10.12 


53.28 + 31.64 


FSH-P 


4 


.39 + 


5.02 


10.66 


+ 7.82 


42.56 + 35.07 
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This example demonstrates that a reduction in LH content of the FSH preparation is beneficial in terms of 
the number of good embryos, the total embryos and percent good embryos. 

EXAMPLE 7 

20 

DURATION-EFFICACY STUDY 

Objective. The objective of this study was to determine the optimum duration of treatment with FSH-S. 

Cows were selected to go on experiment after they had been detected in heat with a normal estrus interval 
(16 to 24 days). Cows were put into experimental groups randomly on the basis of their estrus dates. On a 
25 weekly basis all the ear tag numbers of the experimental cows that had been in estrus during the proceeding 
week were written on a separate card and the cards were selected at random and allocated to successive 
groups within breeds. The cows were then scheduled for starting on treatment on a day convenient for the 
subsequent collection date. 

Cows were treated for 3, 4 or 5 days with 18.75 units of FSH-S per day in equal divided doses morning and 
30 evening. This is the same rate as a total dose of 75 units over 4 days. The FSH-S used in this study was 
prepared in accordance with the procedure described in Example 3. Three separate batches of FSH-S were 
used to treat the cows for this study. These batches had FSH/LH ratios of 1500, 1443 and 1267, respectively. 

Embryo production was measured in terms of total embryos and ova, and the number of transferable 
embryos. 

35 The results of this study are shown in Tables 11 and 12 below. 
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TABLE 11 



Days 
of treatment 
with FSH 


Transferable Embryos 
Mean + SD 


Total 
Ova + Embryos 
Mean + SD 


3 


1.250+ 


1.699 


3.950+ 


4.295 


4 


5.950+ 


4.421 


1.050+ 


7.074 


5 


5.550+ 


5.903 


8,200+ 


5.836 



5 



TABLE 12 

20 



Breed 


Transferable Embryos 
Mean + SD 


Total OVa + Embryos 
Mean + SD 


Holstein 
Beef 


5.036 4.851 
3.563 4.763 


7.536 4.917 
7.906 7.670 



There was no breed effect observed for either parameter measured. Treatment for 4 and 6 days produced ^5 
more transferable and total embryos than did treatment for 3 days. Treatment for 4 days appeared to give the 
best overall results, 

EXAMPLE 8 

This example demonstrates a comparison of equipotent batches of FSH-W having a FSH/LH ratio of 30.000 
and commercially available FSH-P having a FSH/LH ratio of 114. The FSH-W preparation was produced In 
accordance with the procedure described in Example 3. 

The results are shown in Table 13 below. 

45 



50 



55 



60 



65 



17 



0 276 166 

TABLE 13 



5 


Embryos 


FSH-P 


FSH-W 


P 




# 


transferable 


2.92 


6.32 


0.001 


10 
















to tax 


11.12 


12.05 


0.591 




% 


transferable 


30.02 


46.87 


0.007 


15 


# 


fertilized 


5.78 


9.02 


0.019 




% 


fertilized 


54.69 


63.2 


0.237 


20 


# 


degenerate 


2.39 


2.52 


0.819 




% 


degenerate 


23.12 


17.7 


0.258 



25 



Cows superovulated with FSH-W performed significantly better in terms of # transferable embryos, o/o 
transferable embryos and # fertilized embryos. These results corroborate the results of Example 1. 

30 

EXAMPLE 9 

DOSE RESPONSE STUDY 
The objective of this study was to establish the optimum dose for a FSH-S preparation having a FSH/LH ratio 
35 of 1610. The FSH-S preparation utilized in this study was prepared in accordance with the procedure 
described in Example 3. 

Cows were selected to go on experiment after they had been detected in heat with a nonmal estrus interval 
(16 to 24 days). Cows were put into experimental groups randomly on the basis of their estrus dates. On a 
weekly basis all the ear tag numbers of the experimental cows that had been in estrus during the preceeding 
40 week were written on a separate card and the cards were selected at random and allocated to successive 
groups within breeds. The cows were then scheduled for starting on treatment on a day convenient for the 
subsequent collection date. 

Sixty cows (24 Holstein and 36 beef) were superovulated with 37.5, 75 or 150 units of FSH-S (20 per 
treatment). The results of this study appear in Table 14 below. In another experiment 45 cows (all beef) were 
45 superovulated with 75, 112 or 160 units of FSH-S. The results of this study appear in Table 15 below. 

The total embryos and ova and the number of transferable embryos were recorded. 
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TABLE 14 



Dose 
Rate 


N 


Transferable 
Mean + 


Embryos 
SD 


Total Ova 
Mean 


+ Embryos 
+ SD 


37.5 


20 


1.850 


+ 


2.128 


3.700 


+ 3.770 


75 


20 


5.000 


+ 


5.060 


10.200 


+ 5.913 


150 


20 


5.300 


+ 


3.521 


9.250 


+ 3.300 



5 



TABLE 15 



Dose 
Rate 


N 


Transferable 
Mean + 


Embryos 
SD 


Total Ova + 
Mean + 


Embryos 
SD 


75 


15 


6.067 


+ 


5.431 


7.667 + 


5.802 


112 


15 


5.567 


+ 


3.200 


9.800 + 


6.190 


150 


15 


5.067 


+ 


4.061 


8.467 + 


7.396 















As shown in Table 14, the 75 and 150 units FSH-S produced significantly more transferable and total 
embryos than did 37.5 units. Also, as shown in Table 14» there was no difference between beef and dairy cattle. 
As shown in Table 16, there was no significant difference in embryo production between 75. 1 12 or 150 units. It ^ 
was concluded that 75 units was the optimum dose rate. 

EXAMPLE 10 

This example is a dose-rate study for a batch of FSH-S having a FSH/LH ratio of approximately 1655. The 
FSH-S was prepared in accordance with the procedure described In Example 3. ^ 
The results are shown in Table 16 below. 

TABLE 16 

45 



Dose 
Rate 


Transferable Embryos 
Mean + SD 


Total Ova + Embryos 
Mean + SD 


75 


8.29 + 7.2 


12.14 +8.41 


112 


2 + 1.29 


8 + 8.33 


150 


1 + 1.22 


4.2 + 4.92 









50 



60 

This example demonstrates that a dose of 75 units of FSH-S gives optimum results in terms of both 
transferable embryos and total embryos and corroborates the results of Example 9. 
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EXAMPLE 11 

This example demonstrates a study investigating dose and regimen effects of a FSH-W preparation having 
an FSH/LH ratio of 30,000. The FSH-W preparation was produced in accordance with the procedure described 
in Exampie 1. 
5 The results are shown in Table 17 below. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



65 



20 



0 276 166 

TABLE 17 





Regime 


Dose 
mg FSH 
2.7 


(5,4 mg- 
5!4 


—1 S nn "i "f" Q ^ 
10.8 


- 

Total 


# Good 


level 


4.1 


5.7 


3.4 


4.7 


Embryos 
Collected 


de^^sppnd i ncr 


4 2 




1 fl 

X • 0 


A A 




Total 


4.2 


6.0 


2.6 




Total 


level 


6.9 


10.5 


9.1 


9.0 


Embjrvos 
Collected 


descendina 


6 . 8 


19 7 


1 A 
X J , ft 


XU , 0 




Total 


6.8 


11.4 


11.5 




% Good 


level 


59.3 


59.3 


23.9 


53.2 


Collected 


dp^^r'pndi nrr 


66 8 




1 fi ft 






Total 


63.4 


54.6 


21.3 




# Fertilized 


level 


5,8 


7.9 


6.1 


6.9 




/^aGr^t^rif^ 1 rsrr 






0.4 


C "7 




Total 


5.7 


8.9 


4.5 




% Fertilized 


level 


78.8 


79.4 


41.6 


72.6 






fl 7 
o ^ . / 


/ O # J 


Z / • D 


D / . J 




Total 


82.7 


77.6 


32.9 




# Degenerate 


level 


1.4 


2.0 


1.9 


1.8 


Einbrvos 


descendincr 


1 5 




X . 0 


^ . 




Total 


1.5 


2.7 


1.7 




% Degenerate 


level 


15.0 


18.1 


11.1 


15.9 


Embryos 
Collected 


descending 


18.8 


23.0 


7.7 


17.5 




Total 


17.1 


20.2 


9.0 





The study demonstrated that level and descending dose regimes produced approximately equal results. The 
study also demonstrated there is a significant dose effect with respect to the following criteria: number of 
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good embryos collected, total embryos collected, number fertilized and o/o fertilized. Finally, the study 
demonstrated there was not a significant dose effect with respect to the following criteria: number of 
degenerate embryos and o/o degenerate embryos. 

5 EXAMPLE 12 

This study was a direct comparison of cows treated with FSH-P having an FSH/LH ratio of 114 and cows 
treated with FSH-S having an FSH/LH ratio of 504. The FSH-S used in this study was prepared in accordance 
with the procedure described in Example 3. 

The results of this study are found in Table 18 below. 

10 

TABLE 18 



15 






FSH-P 


FSH-S 


20 


# Good 


embryos 


0.69 


5.80 




Total 


embryos 


7.60 


8.70 


25 


% Good 


embryos 


9.08 


66.67 



This study indicated that significantly better results in terms of number of good embryos and percent good 
embryos are achieved when cows are treated with FSH-S rather than FSH-P. 

While the present invention has been described in detail and with reference to specific examples thereof, it 
will be apparent to one skilled in the art that various changes and modifications can be made therein without 
departing from the spirit and scope thereof. 

35 

Claims 

1 . A composition of matter for producing superovulation in cattle comprising : 

an effective amount of follicle stimulating hormone and luteinizing hormone, wherein the ratio of 
follicle stimulating hormone to luteinizing hormone is In a range of from about 500 to about 30,000. 

2. A composition of matter according to Claim 1 , wherein said ratio is in a range of from about 1000 to 
about 1655. 

3. A composition of matter according to Claim 1 , wherein said ratio is 1610, 

^ 4. A method for producing superovulation in cattle comprising administering to cattle a composition of 

matter comprising an effective amount of follicle stimulating hormone and luteinizing hormone, wherein 
the ratio of follicle stimulating hormone to luteinizing hormone is in a range of from about 500 to about 
30,000. 

5. A method for producing superovulation in cattle according to Claim 4, wherein said composition is 
administered to cattle by parenteral injection. 

6. A method for producing superovulation in cattle according to Claim 5, wherein 75 units of said 
composition are administered to cattle by parenteral injection. 

7. A method for producing superovulation in cattle according to Claim 6, wherein said 75 units of said 
composition are administered to cattle in 8 equal doses at approximately 12 hour Intervals. 
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FIG. 1 



